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C«*^ 2 ] ^ 1 x-r <y tev^T. M^ffc:^a> 

■7XV. :f:gtt5!fXi:^^toig#:«fX^i!ijELfc:/5 
X-v'. ^gtt«'Xfc^t^^fc©ig^:^~X^S)ebfc 
:/5Xv. ^3j;t>\ S«:^J~X^@)eb/-c:^5Xv. ogf 

*^essi^n5 1 o^^xvT-^sct^^afrsK 

■rsXr-y7%, lllX-r-yy{i:-(-^ATffilcO^''i'5>' 

im^ms^ m$mm\ v'Unx v-u^^^ft 
■rsii*^ 1 nmm^msonnf)^ i «KfB«®»«}^ 

m^miO^ WIBft^^V >>;bn->>A. /n7:i 

I ©^src^^^^-rsc t^itat-rsw*^ i nm 
1 1 ] wmit-^m\ mmRzf/Ritmm^ 
9 ^rcim^m i o tcmmconmmmm. 

CW#]S12] miX-r-y:/fcll2X7^-y:/^)^f?3i 



i: 1 1 a®^M7t^^#w-ri.{t:^?^^m-r5ig i x 

x>y7t, HuSB^Src^^^afitc^A-rs/'c&cea 
«K^LTx:^;l/:¥:-S?:&M«-r5ll 2 Xx>y ^fc*: 
3SH}cl^DigLm B5SB«SI)l%»*-r«<:fcJ&#® 

imim 1 4 ] umm^u^ LtcmiDmm^ i/u^^ 
mtm^^n^ c t^mLt-r^m^m i a kib«© 

im^m 1 5 ] fi*]s 1 nmm^m 1 4 ©fpjn*^ 1 m 

10 tfB«©}filJ^fiic;^r£^Xg4'fcW-r5<it;&#ISi:t- 

[0001] 

[0002] 

mmomi 54^. (L S K La 

20 rge Scale Integrated circuit) lCfeV>T{i^ MM.A<D 

xM-fcj^fig-rsc i:*^ L s I ^wtt^±x(omm 

*ISilfc*-3TV>5, Itte, MOS (Metal Oxide Semi 
conductor) mW.^^^ h^>i^X^COV-h t ffiffl 5 

'^X'co^'-hmmmim. mmitic^Kimm-sntcs i 

[0 0 0 3] Lfj'L^f)'^^. m^(Dy-hmmi>i. X 
-^r- y i'i^BijWSttA^eKJf 2 n mJWTKIfllftSnT 

[0 0 0 4] ccorsmi^nu s loz ii<j;t)feit^ii 
(i. j:k^«^4©s i oe iiic^»ufc^^(c, m^m 

&^'2^f}'^&Ki. ^o:>mi^t)^^. Al203l^, Zr02 

Hf 02 ^yii/^mimfiEcDmx 

*"tMW^nTV^S (m{±\ H.J.Osten . I EDWr^ 
=.ij)\y^^i:>3.7.Y 2000, 653'^-v') „ cn<b<no 
JtW«^©S!V^Z r O2 1^ (ltKm^2 5) , H f 

*Si.ft:SJSA^I^i6 0 o°Cfcffiv^®■^:«||^tL^<. -a 
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[0 0 0 5] ^-^ ufcc t^^p,, ais. m^eit^mit 
[0 0 0 6] -73. «>x/\-®rt£teij-sy- hisit^ 

i/U 3>"}'XM-±lc^SllJi 1 . 5 n m©y- h^giii 
±0. 1 nmOT tSnrv^So ^■5bfclgV]l»^- 

tt^w-rsy- bra. sisttx 

ffi. ft^SD^tgitaffi (CVD. Chemical Vapor Depos 
ition) . MfflS^liiaffi (ALD, Atomic 

Layer Deposition) &iffil'«r&75rffi*^ffll/''6nTV^S. 

[ 0 0 0 7 ] iffc. afflii?«ti«ffi{4. 1 m^m-f-o 

hU;^9';l/7/l/5x>t7A (TMA) t^t^SSStcBgtt 
il^ti. Z rtSft^^JtfctiH f tgfti^fc^t^^fiiBg 

[0 0 0 8] «ja*a«5nTi^«±xBLfc->";y-h 
xa. cT i: (Dim^n 'ict t)mmxt^ fc„ c 

[0 0 0 9] 

{is ^-V^ii^nXthK) . ^©3t#*^#fe6nTV^fco 
[0 0 10] *^B^#6{i. ±^bfcB3lljStoi,^TSi 



[0 0 1 1] *l6^©S6^{i, aSrtt^STt^^^A 
[0 0 12] 

ta^7t;^^^»«Ci9A-r S bTx 
[0 0 13] <ic0%^tj;ntt\ miX-r-;':/T'a«± 

fy. =f-^y. ^y^}\^^ ^^mn^'&k'mnM^y^) 

3 ymmmx b t u ^t-i- FM;&jgfig tifc t) . n 
xt/^, /sy-'^u '7y'^ymoy^%^mft%^s \ 
02 Bltt<«A l2 03«(t>tc«Abr2^'J'i^-hSI^ 

[0 0 14] *fgB^©»KjefiE;?tt®m 1 Xx-y 7(cfc 

[0 0 15] iine.<o!?^ti:<}:nifs ft^«'ii«±te 

mMt^^CtifX^^(r)X. ^2Xx7:/T'©x^;b 

$-1*5 c i: C j; 0 , {t^ffiOf^STCII^rSffiiStci^- 
£»AS^i:5Ci:A^T-t5<, 
[0 0 16] *5gWO^MJefi!t;^ffi©^2Xr>;/y{cfe 
V^T. HufSx:^,;I/:¥:-S?*^7''5Xv??$5 C fc 

v. ^}gtt:«-Xi:i?«i:©Ji-&::^j"X^B)ebfc75X 
V. ^rS14*fxi:^^i:©tg^;«'x«ebife:/5X 
V, 7F:gtt;*f;^i:^i:g|gi:©ti^;firx^®ieb;rc:/ 

7Xv. te<ktf. ^^^T.-^m^Lkf^X'^. com-' 

S>a*?5ns i©::/5XvT'*S<ii:C!ttsi[^^U h9 

[0 0 17] cnib(ommc^m£. {t-^mtf'^x-^ 
80 nmaik^fMmiiS-^xmnmmmzm^x^. $ 



mm^m'pic-^mt'^xif^uy (B) ^(Dmi. 

[0 0 18] *%woiSKJ^Bg:^fffifc:fev>T. m 1 Xx 

[0 0 19] *«w©]»KJefig:^a^<:fev^T, mmm 

[0 0 2 0] *|gHj5©ifKf0fiK7?S;tc*3v^T. tiJieft:^ 
[00 21] *5IB^oS^?gfi)c:^ffi{cfev^T. tulBft-^ 

[0 0 2 2] *%WiSfSJ^fig:)^ffiii:tev^T. tufBft^ 

[0 0 2 3] ±iiLrzsmmi&ir:s,:^mm(ommm^ 

[0 0 2 4] ±aibfcB6<I^^fiic-r5*^BJ©iiiS|<*g 
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MO s y^yv7.^m<o^'m^'mmt<n)mm.n 

[0025] 

[0026] *%BB{±, II 1 ti:;^^^ J; ^ (c. 1 ±{c 

< i: t, 1 fflC^STt^ 3 =&^*-rS{t^ 2 
L (lg 1 Xx^yy ; 0 1 (b) ) . 1 
LTX^;U^-)|Si? 4 ^MW U 2 Xx <y 7 : 0 1 

(c) ) . SfSS^J^fiE-rSSffiT-SSo <:©fct. ^ 
1 Xf-'y T'T'Sffi 1 ±C«if&5nfcft:-&% 2 «m 2 Xx 
-y:/T'»®^n. ^■©fl:^rti2*^^*-r5'>*< tfe 1 

»A?n. ^©sgs. if^5 (HI (d) ) mwLt.^ 

5o *fiH^ti:*3i.>Ttt. lai (e) ~ (g) C^-rj;^ 
^lXx-y7"t^2Xx-yyt;&SStci^'?S-ril 

A^nSo 

[0 0 2 7] 2lHia©j^t)jiL*>6{±. JgfiK^n 

©WHS {C«bTX:tW^^-fe^^AlBg#j^n-g., bfc*^ 
oT. miXx-y7i:^2Xx-y:/'c02lHl@m©JSt) 

3iL*>e.«> ifKsaasi tuTf^fflu ^-neaiHi 

[0 0 2 8] OT. miXx-y:/tm2Xx<y:/;&lttR^ 
too. ^«fi!t{i:ov>T^W-rSo 

[0 0 2 9] (^IXxy^ ^IXx-yyti. Stgl 
±K'>:&< fcfe 1 S<O^M7tiR3*^*-r5ft^ia2?r 
«*&-r5Xx-y:/T-^So 

[0 0 3 0] ll« 1 {4. {t^2 *(D^7C^3*^A 

^nriiK 5 ^mf&t^ c t ■b'^xt^t^tDx&nnmc 
[003 1] ^mmmmj^x'smtnx^^^^wmo^mm 

yt^X/N-O^HKigft. gftt/ttti^SftfflaU^ct 
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it. igraMT'tl^^S (Z^;l/7rx) T'fe«}:<1tfi:|!g 

[0 0 3 2] *f6B;|cte^,^Ta. 1 ©#»i:«iA^ 

®^^7;i/ 5 :^ 't' i.mim. 7 ;v 5 - 'i' Agftti $ rc it 
[0 0 3 3] {t:^ti2{i. (-t-) BiS.Li:ott^nm 

(oml^^c^^\:rcmx^m7tm 3 ^^wt-s tor-* d > 
{±. »«rt(c#A5ns^S7c^* 1 mxii 2 mA±-^ 20 

1 iSOSSA^TtiR 3 ^^'t-r SW«l^{t^*W* 

[00 3 4] {t:^!^ 2 C0M«:«?IJ tLXlt. ±m Ltc 

< fct 1 ©^M7c«^^^&-r5*«»#«{t:^. 30 

tf5ili:*^T-^5o tfc. ±aLfc (D) CJ^UTtt. 

mtf. ®s'y^;i/75/^^'x mmit^^y. 

7+Xi^xg^;l/75^a':^'i'A IT i [N (CHs ) 

2 ] 4 } . hUXi^"tf/^n'i';l/y:Jft-h3M;Vh iC 
o (Cu Hi9 O2 ) 3 } . ^y^^^h^i/^y^jl {T 
a (OC2 Hs ) 5 } . 'N+'9-7Dn7-t^;l/7-th^ 

-b^^^t {pt (cs HF6 02 ) 2 1 mmm^ 

mit^. ' fsy-'^L. {Hf 

(O t B u) 4 } . 7-t^;l/7-fe f h • 
{H f (A c a c) 4 1 . i^xg^;l/75y • )\-yz.^l, 40 
(H f (NE t2 ) 4 ) , ^-i^-^U-T'h^^ • 
-fh. tZ r (0 t B u) 4 } . 7-fef^;l/7-fe 
• S?;l/3-'>A {Z r (A c a c) 4 } . tej;!/. $;'x 
^;l/75/ • 'J}\^z:i-^L. {Z r (NE t2 ) 4 ) ©iP 

X x/Hf-i/A. x;Hf>>A. *;;I/5'>A, s^^X^ns/ 

-j-A. fej:t>\ y5•b:te>■'i7AcDS^*^6Jis?^ns^B^n 

D-r;l/^^f^-h (DPM) -^y^^ {La (Cti H 

i» 02 ) 3 } . *wsb<fflw>e>n5„ so 



[0 0 3 5] ±m<Do%. ®®w*s#s{t-&»i, s^'; 
i&X't^<0X\ ^i^ny (B) miDU.WL(omnm^Xt 

So 

[0 0 3 6] H 1 X•r•y:/^^:fev^T. ft^tt> ^<Oit 

Tijjxgi&aj tit. mm. ^(otnm'm^ 

s.fBmtHoi^^m?smmm-^nxm^-sn^, 
sjssrt®7j<^ffi^ 1 0-3 p aOTc^^-rsc t 

?5©T\ ft^^S«(i:S^tT!R«$-B-5C:t*<T' 

•&Kfev^Ta. affiofSA^. (2o'ci-)^±) 

3 0 0'C©«5Htc^-rs<lt*WSU\ <J:tiM<*W 

rt(c^^t»A$n§c 

[0 0 3 7] it-^mt. »ffi±t6SS]Wrs<: 
f--y:fi,!ix^. ^©fb-a-!i%*^^^-rs#MTc«^affiffi 
rmammi to., smtt'^m-snrcit^ic^^x 

TV^2.mi©C tX&>:}. mibXi^-rj:m^xmWM± 

S©T% »ffi±fC^<©W«S^feM{|:^tl*^iiaLfc^^ 
T-fe-^Tfe. »tg«ffitc®«Lfc*a^Mft^*©W 
A^TClS/SWis tt««F«3{c«IA5n5, 
[0 0 3 8] ^^IC. m 1 XT-yyfctettS{t^©«i^ 

[0 0 3 9] 02 tt, *SIW©lillJg^73ST-fflV^5if 

n^fiitSfi 1 0 o(o-m^^t$immx'&^o i&m^ i 
M^^-yy 1 0 5 T-^M^nT!iiffiT{cte*^n5o im 

grtC'^-XKSSfi 1 0-< P a«TT'*t). 7l<.<D^E. 

amc 1 0-3 Paj-^^Tt^fcnSo ^-xx^ssi:*© 
c ©ffl;S:a^ s^^t mS7k t ©P^ T-ii^© 

ig 1 0 4 tmmfin. 't<o'7i>ti)]/m \ o 4 kv-i'^'d 
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)VM 1 0 4 ttt. Mit^^fl^y 1 1 0 i:VX70-3> h 
D-^ 1 0 6%:n-UT> TJl'dtymoi^HmiJT.. $fc 

ig-g-:^}'X?ri^5fcfecD;(fXjK>^ 1 0 8*^ge^nSo 
$fc:. c©Sli;g^^g 1 0 OtCii. 1 0 3%iDii 
•rSfci&©fc-3f 1 0 2*^«g*nTfe«5. »IR1 0 3 

« t-^j 1 0 2 X'fium-^n^o dcsKj^fig^H 1 0 0 

flSo 10 

[0 0 4 0] S 1 ©m^Sti. ?Kft©^fc^:SrB^SO 

3yhD-5 1 0 6%/ruTfi!tKSi 0 1 {cUtA-r-sfii 
1 0 z±.\cm^-t^rcisb\c^ 1 0 otca, so 

[0 0 4 1] ^znm^^mt. rnVr^T-yu-ayv 
MftS 1 0 9T?gf*:%M{t^-&Tfi!clgS 1 0 He* 

iS7.^mu 1 0 3±(cm-r5fc46{c. 1 0 oc 

ftl60'\U'>A:>!fX*f>'«l 1 3, ?gftVX7D-3>' 
hn— 5 1 1 K Mfblgi 0 9. fc<};I>*i^lh/0^:7 1 1 

[0 0 4 2] iin6©2at)®«*&^gtfeV>-C, AD^ 
IS. ^-i/^'V-fh^iym) iCicjLXlt. VX7D 30 

-3>hD-v 1 0 e^ffiffl-rsH 1 

(DPM) ^1) lOiLxii. mm I 0 

9^fflV>5m2««*&^SAWSU<3gffl$n5„ 
[004 3] (^2X7^7^) ^2Xx-y7a, Sffil 

cl©m2Xx-y7"T'Bg*f$n.5x^;l/4^-S?4i*. ± 

m^rcm i x^-y ^x-a^ i ±Km2n/-c{t^ti2^ 
^mu ^■©rt^2*<^*-r5'>*< i a©^M 

[0 0 4 4] x#wi/:^^-s^4a. ±aibfc{tffl^*-r 

$-5o <1 o brccf>A^6iii^&x;7.;l/^-m?^S^-r5 
tcfe/fc^Tt*. ^©x:^^;l/:^i-e?:&Bgs^-r-5 C fctc i 
t) ft^ifSl^^^STt^SrSeirt {c»A-r S c i: A^T' 1 5 

sns, so 
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[0 0 4 5] y^Xvti, IEft©?^aW«#bTm 
^«*ttt:&oTV^5i^a©:yclfeT'fet»v ?■©«««. 

m.mm\m^-^n^wm(omm^^\.xmmri^. 

^?|Jx{i^ ^}S14:^j'x:&B|ab/c:;^5Xv. ^}gtt**xi: 
^^t©g-&:«i'X^S)eb/c:/5Xv. ^^'^.iJXh'S. 

{i:7j<^;&eT (0. 1-1 0%Sfi) -t^^-yrTtJ; 
<. ^©zk^li. *-#>fci^^LTl^8*©*-3p> 

*3s S«a-Sg6*)ta^jgtt;tifX©|gl«(c#$n5i:$ 

ffit^<DX\ *[i(cfev^T{i^SttA*Xfctt^$nft 
V\ iJe-pT. *)Sitfel^-5'F}gtt;^7X«, 'MJ'^A. :^ 

[0 0 4 6] ^gtt;*fX©i?^^:&i!)^Lfc7'5Xvtt. £/ 

m^t^ii. «f&$n5fl:^fe^©{b^jgftJfc:g6^-^ 

[0 0 4 7] y^Xv^^^^^ty^^ttt. ^©i?^ 
©f'^fflfc.fcf). J^fig$nfc]fM«©^^©r^mi^«*< 

;!)^J^fi)c^n^©T% ^©g^©{tffl{cj;t). Mx.{f;}?D 
>'^©SaiS?©raJ£»J-C'l? 5 i: ^ f iJjSA^fe5„ 

m-^iJx^mm-^-^rzy^x-^com^ic-is^^x. ^©ig 

^**Xi4'©^^g^©#*fJ-&tts ig^^-firfcA'X© 

0. l~5 0%T-^!3, $f$bl/^g||^*fj^(i0. 1 
-10 0% (:^TgiR©J*^*^tyo ) T-feS. 

[0 0 4 8] x:^;i/4^-fi?©Bii>f^ft{i:. mm±im 

Stc^*^ ^■©x;*.;I/:^i-S?©Bg|^T'±T»'Kt>tc:» 

rnirn^ UTi/^s{t:^©!R»s©*'fcffi#^5 (1 1 1 

* s »A^JS7t}R©ffirt*^-tt«:8Si&T;« AS C t 

x:t^;b:¥^-JSi?i:LT7;l/rfy7'5Xv;&^ffl 

JI:^*U 0-«~10Pa. jif^U<ttl 0-3-1 OPa 
T-asU. y7Xvm:^?gS*^0. 0 0 1~lW/cm 
2 . »SL<{i0. 0 1-0. IW/cm^ T'$-5„ C 
•9 b:fc:/5Xv^m^<J:!3, »S±t®:«Lfc{t:-&tl*^ 
y5Xvlt<}:!35^ft?U ^©fk^tl^K^^SnTV^S 



(7) 
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[0 0 4 9] (^XT^-i^ycOlSOjIL) SlX-r-y^i: 

m 2 x-r <y y<oiiHic§x x -/tm t) fis ns, 

[0 0 5 0] C'9bfc!^'33lbt<fc'3. J^^^nSif^ 
0^7€fS^39ALfcli-&tfeV>Ttt. &Xt7:/=&^ 

EI6fc<};t/ll7^#Mo ) 0 

[00 5 1] *!S§^©^Jg^:^i£tfeV^Tli. H 1 X 20 

^^*-r 5{t^i&;&affi±tc«*&-r 5x 7^ m i 

scfctif), ^ixr-y:^T-msns^«7tigJjm 
o^M7c^=gr, ISM*Cffijt£0«/£J3-i!»AS-a:5<:i:jb^ 

[0 0 5 2] ^■^ LfcXT^-^yCi. ^IXT^-yytsXi: 
KjgffltTfe. ffiJ;^{flSlHlXttlS+IlI»{cafflbTfeJ; 

A) ^-^fSPgT'm*&'r5Xx>>:/^affl-r-5c:tC<}; 

[0 0 5 3] Sfc. 2p:5gBa^CteV^T, ^2Xx-y:/i:(o| 
^tSfc{im2X-r>y:/©^t. ^IIH^ffT'Ol^ffl 
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/•c. H 2 Xt^ iHi^t sfcan 2 xx >y fn'mc^ 

[0 0 5 4] (.umm^it Ltcwmisjim) i^mm 
umm^ftLrcmm^i&^'mt. 03© (a) ~ (g) 

03 (h) ^©«KI11 9' 

[0 0 5 5] ^(omfi^Bmmic^m. mm 1 9* 
m^mrcmmn^mm 1 1 imm 1 5*^j^^^n 
Tv^5« ccowmmisjj'mi. umm\ 9. 1 9- 

fflmi 9. 1 9* <DYfmc^*j. rnxfrni si^i^oft 

-So 

[0 0 5 6] c(owmiBi^-:f5'mi. m{f> 

i/ U 3 >S«±K. < i: t 1 SC^Stc* 3 
•r5fk^2;&mb (^lXx>y^ . ^-C^. 

)^ 1 9*^Jgfi)c$nfcv'U 3>S«fc?tLTx^.;U:^i-S 

s c t E <fc 0 . u 3 >»i£rt J»A5 nfcTt* t 
t©HT'S/<;-9-'i' hWJgfig^ns, <: d LTJ^fig 

[0 0 5 7] 1 9 t UTii. S/'Jni/Sffi 

2Xx-y:/f<:fettS^-©flfi©^mi. ±xELfcSlXx 
[0 0 5 8] (^i^^tt^ii) *Sl^eD4i»ft:St®|S!ifi 



(8) 
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[0 0 5 9] ±mLtzwmBf^-:fimi. m^a. 

^■©-gi5lcW-r5^#*^S«©S3i73ffifc<kn{f. MO 
[00 60] 

«s 7j<^ig) ©^*«^«-r r%j {i rii?%j ©(li: 

[0061] <m\ mmm>m i nffiijijji. M7^'i7A 

{H f (0 t B u) 4 ) ^fflV^fco atST-feSS^Uny 

^fe-r. »K 1 0 3 % 3 0 0 1CST-i)P|giLfcm 

t 295-305 'COmm^cmU ^«^^{t-&feT' 30 

• /n7-'>a^$>)8 o'CKiiD 

fibTVX7a-3>hD— 7 1 0 Q^i\LX^S. \ 0 

0 P a T- 1 fmHSM 1 0 1 Cmtfc (132 

Mo ) 0 fiKKS 1 0 1 rt^cl 5 L/c^ftt j; t). -K^a^ 

n/cft^tKiSs^jsp-t^. asi os'NCDisM*^- 

feST;l/ri">:/9X-x':&. ^J-ffi 1 P a-pO. IW/cm 
2 ®tt:/3^0]ilDLT5#H|g4S-i*fCo C^bT-c^lX 
■r-y7'fcm2Xr>yyfc%Sa{ctit)jIUT. affirtfc 

icBg|>fu >'^7x-i/A©i/';•y-n^®seJK«^ffiii 
[0 0 6 3] n 1 jii6fi^jc*3(,>T, JWT<o)fga*^^en 

[0064] ( 1 ) T;I/rf>:^^Xv%4B#©ffi;^3:& 1 
0 ~ 1 0 P a <DVm tLfctt. RKStf)lW©ffirt 

0 1 ~ 1 W/ c m2 ©KB Ufc a t . ^RRtfllJf © 
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^Hmnti^mcLxi/^x-^^n^-i^^t. mmc 

[0 0 6 5] (2) T/l/rr^/y^X-T^Bgliftfct^Ci? 

iw/cm2 ©«:'3;&eniiDbT7;i/d'>:/^Xv;&^^ 

T. 500-950 "'cgs©rafi7? 1 ^^-^uMa-r s c 
-mrnxmrn^fmrnvrbumiimmi^ b*^o 

fco ^fc. 7;i/rf>'y5Xv©Bg||^i;[i|a#trg«ft:;&fT5 
T/l'rf>';^jX"ftfe<i;?-3%©^^^*2-ti: 
T*5tg#:*fX©y'7Xv^Bg»frs c fc (c<k t) fro 

[0 0 6 6] (3) Tjl^dy-f'yX-^nmWitm^K^ 

fco ir©^-a-feteV'T. K4itc*3i^o. i%©mfig 

[0 0 6 7] 04tC^-rJ;9ti:s >'N7::i'i'Ai/'; 

hK©J^fie^©g|g^iiD5»micov^T©i^W*,fTo 

/-Co ia4fc5^-r<};9fc. ig-&:*('X4t©^^-^W*©liiD 

{c#-pt. M7x<i7Ai/>;'y-hK(ti©g^^^at± 

#Lfco gfS*M 0 0%©fc#T*fe>'N7->>AS^ 

'J -y- ^Mt^'{^s^«*^^^LTv^5©*ws^nfc*^ 

»#i:{c<};St.©T'£So 
[00 6 8] (4) ^lXx-y7'tT;l/rfy:/^X-x';& 

hrc^mm%^X'(omm^'^-oxwm^^^Lfc. 

»6nfc»K{cov>T. 2i^'l':i-y««^*Tt<}:'3K« 

>"Jay»«±©^l©W$;£»iffiTEM 
S^tC.fct)«II^Ufcig«. ;/U3y»«±fC0. 5nm 
©Si02H^/rbT, 1. 1 nm h a (K) 
A^J^fiScSn. 5 6K«EStc«0. 4 nm©S i Oz jgfj 

[0069] (5) 06{i. J^^^nfci/'J-^-hK* 

©/N7:^'>A-g-W«*3j;tf->U'>--h^;?ti:Sff-r. ^ 
lXx>y:/i:^2X-r'y -/om *) jI UlillS©»S«:^-r 
07?* (5 . 07 a. J^^^nfcS/U-^r-hMCitSm* 
tiiRfr-r. lglXf--y:/'i:^2XT-yy©lgi»33gUls]» 

©Kii^^-riaT-feSo 

[0 0 7 0] i^U'y-h^cfi©>'N7^>^A-^^Stt. )^ 

LX. tfc^«$©m. !^f)MLIs]g(*Wtcf¥-DT(S 
immmc±^L. /N7-'>A*'!i»ASnTV^-9:V>^^ 

© s/ 1; 3 >^t*Si©jtKe^ffl 4 *^ /sy-^i^^s 
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fc, fi^^T, ^lXx-yyi:m2Xx->yi:;£3gS{cli 
»?ji-r<ii:tcj;i3. S'Un>i!fbll 5{i:SSA$n5>'N 

[0 0 7 1] -73. v'U'ir-hMoiljitt, ^OiSblil 
TOS^y hKT-«, 1 0 5 0 "COlMiatttigSft 

[007 2] (6) 08tt. lllX'r-y>''fcll2Xx«y 
1 0'9--ri';l')St)jgbT}gfigLfe/N7-'>'Av^'J 

i'U^-MPti. s i 02 micit^x:kmicv-^mm. 
[0 0 7 3] ( 7 ) 1 mmmxHi. is.mm i 20 

ti^xtrc. 

[007 4] KW^Srt^^Pfi, ^i-^x U :f V ;^ h u - 
tcj;5Mii»Jg©iSm. 8f V^'^'X/NffirtT'+O. 1 

± 0 . 1 %OTT'^ -p fco :&*3> S«raS^ 3 5 0 °Cfe 

^xf4 0 ovK^^xmm<ommmnorct<i?,. 
mm^ifmrnoi^-mmrst'tirco cnit. so 

[0 0 7 5] **3. ^IS^Sft^tlfc LXlt. ^-iy-Y 
AJf>S'x^;l/75 K • /N7-'>A*fflV^fc«^tt|l|« 

^cfel^Tfe. affiraA3oo'TCJ.;(±T-«^*S^S{t^ 

rtLxm^i^-^^m^cti)'^xtrco 
[0 0 7 6] <m2nmm>m2mmmii. a 12O3K 

IzOal^?:! nmJg^L/'ctC^fflt^fc. ZICDA I2O3 50 
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mi'nmmmi^^mf&Lrzo coa i 2 03M±t{t:-& 

(Hf (OtBu) 4 } ?rfflV>fto a«T-$5A I2O3 

micnhX3.^)v^-ni-^mMt^'M 2 x^-;/ ycfe 

[0 0 7 7] C©|glX7^-y:/i:m2Xx 

f&^U^tco ft-f. »«^2 0 0t;ST'iD!KSUfemfi:S 
^f^^^Tofcmti. m 1 *SS{?Ji:Pli;^{i|=T-^ 1 Xr 

lUfifiMfcl^^i:, A l 203lK4'C''N7x>i7AlS?*^^S 

x-^ti. '>';3>iiffi±tcA l2 03li«/^LT/^7-'J' 

[0 0 7 8] <:<o|g25lfifiMtctet/^Tts ^illfiS0iJfc 
iHlfilfC. 1 0[51A>P,6 0lHlST'Sft$-a- 

SCttCfct?, M7-'i7A7;V^:^=--Ml©iSiM%^l 
0%:6^P.|55 0%ST'nI^-r SCi:*^^^. ^-OttO 
ItSIWCffltt**) 1 0*^6 2 O^xmtLfco 

[0 0 7 9] /N7-'i7A^*fi5 0%Ji<T©7;l'5*- 

h^T'ti. 1 0 5 orcDi^jBiiititiigfBfb^eii^-f. 

[0 0 8 0] <m3mmm>m3^mmii. ^>^yiy 
i/va>mm±tcmmitmxBf&brzm-s 1 nm®i/'j 

m-rSlSlXx-yl/tcfcV^Ttt. it-^tLX. 

^y^mx^mfimtLrci^i^^'iti-oi'y^^^-h (d 

PM) • {L a (Cii Hi9 O2 ) 3 } 

iin^a^igX^yl/ctJKO. 1 mo 1 /LT')§«?L;fc 
jS?ffi^O. 1 g/m i n©*J-&T*Mft:S-a:T. 2 0 0 1 

j.x± t b^cEff Lxj&mmmcm^Ltco 5 > 

:5fVDPMcDHg»f»Ea, 1 0 0 P a T^t). 7;l/rf> 
y^Xvti. »jE 1 P a T' 1 0 W©tt:(3^EniObTSI5fe 

se?^,^t^•r5^2Xx•y:/tcfel.^T{i. x;^;l/ip-S 

?i:bT. 7/]/:t>y^x-r^umLrc<, 
[008 1] i^mmmi,t. com i xx-y 2 xx 

•vy^^mcm>jmLX'7y'^yi/V'r~hm(omf&^ 

S«>Ti§-'ttS< ^V^^^S/U^- hm^B^XttcC 
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fc, •r;l/lf'>A. x;l/tr<>A. *;U='J/A. 

[0 0 8 3] <m4mmm>^4nmmii-. ^yy^yy 

»ffi±lCA 1 203^*1 nrnJ^BgUfcfeO^fflW^feo d 

Ufco CCD A 1 2 OzmiL\c\'C%m^mtt^'^ 1 >y 10 

^'^rJilA^MTC^ t bfci^tf/^n'i';l/7< a'*- h 
(D PM) • "yy^y {L a (Cii Hw O2 ) 3 } ^Srffl 
v^/fco »*gT'*5A l 2 03KfcJ^UTx:^;l/:ip-IS??r 

CO 0 8 4] *||fifiWis C©® 1 X-r>yyfcm2X-r 
iS^fco Cco^SfiffiJt. ±ai©millfiSW*3<};t>'ll2* 20 

[0 0 8 5] •7>'^>'^5 0%ftf7;l/5^-hmv 
1 0 5 0°C©|Si4!la^<:<J;t3±g|5®:iPUi^U3yi:SlSt- 
■r;Hf>i/A> x/l/^-i^A, .+s;l/5<i'A. v^x:/Di/ 

x-y:/t*5v^Ttt, it-^^tLx. =f-^y^mx^m7t 

f-)\/r^=f-di-t}h {T i [N (CHs ) 2 ] 4 } 

V^fco »ffiT"^5v^'J 3>SffitcJ^UTx:^;Vi\;-a? 
^Biiifrsm 2 X-r -y :;''Ctev>T{i. x:?.;l/=p-S?i: 

[0 0 8 7] if-WmU^ !l<Om 1 Xx-y:/i:m2Xx 40 

-yy^^Mic 1 0^^ ^>m>:)'MLZ=f-^yiyV^-( V 
mmi&^u^^rco ^-r. affi^soorsT^uz-c 

2 9 5-3 0 5 t:©iSfflfC»L. ft^T'&Sx 

h ■^^^X s;x^;b7 5 X A^l^ 8 0 "Cfc AO^ LT 
•7X7D-a>hD— 7^/M.T»J±l 00PaT'l# 

2>S7;b3*>y-7Xx'^, ^i-El PaT?0. IW/cm 
'Ontl^'SifiaLX Sfm^-^-ftfzo catfc^lX 50 
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T-y:/i:ll2Xr-y7'i:^ 1 0-»t'i'i';l/Ji'3jILT. i/ 
OOr- 1 0^m7~-J]/U mtti^l nm(0=f-9yi/ 

[0 0 8 8] <m&%mm>'M&^mmi<t. u/vi^vi/ 

{t:-&tl^«if&-rs^ 1 Xr-y :/Cfcv>T{i. fb^^^t b 

S?lfMD-r;b;^^'t-h3/<;l/F {Co (Cii Hw 0 

2)3} ^fflV^fco »:KT-$5'>U3>Sffit^f LTx 
^•.;l/4^-e?^M*fr «.|| 2 Xx -y :/t :loV>Ta. x;^s. 

[0 0 8 9] ^5«^?IJi:|Wi«®7^ffiT\ 
C:©|llX-r-y7t^2Xx-y:/^SSt 1 O-tt-l'^;!/ 

mm<o'yy^ytnm^^. m^x&^om^x-tb^ . c 

n^mm':f^jlfinc o . l m o l / L r-jg^ tifcrgjg;?: 
0. 1 g /m i n ©9J^T*MtS-&T^ 2 0 0 'CK±t 

'^'^(Dmm^Elt. 1 OOPaT-^19. 7;l/d>:/^X 
Vfi. 5^E1 PaT'l 0W©«:>3«:EPiDbT^^S-tJ- 

[0 0 9 0] c^Lrcm\X7-'y^t^27,Tyft^ 

1 0-9--r^';l')S»3jgLT. '>U3yS«rt(i:3/<t;bF;£ 
«AUfc„ g«4'T'5 0 0°C • 1 0»P47X- 

^VU nm©3M;bFi/U-9--rFll*Jgfi!cU 

[ 0 0 9 1 ] <m 7 *s!50ij>^ 7 *fiS0ij{i. umm^iY 
LX'f-^yiyw-f m^m^Lrcmx'&^. 

a. 1 -ymi^mm-^^xiyv =iymm^m(0Mm 
mim^'^^Ltcik. m^nm^^xs s o°c • Amu 

(OM-m^mt^n-oXm-S l . 5 n m©v^'; n^^fbJg 

ti*^jgfig^n/-ci/>j 3y»«tft^^«i&-r:s.m i x 

x-yyfcfev^Ta. ft^tlfcUT. g^^^'^lIA^TC 

^;l<'75^^fx^7A {T 1 [N (CHs ) 2 ] 4 } 

l-tco iyVaymitmi)'^BlS.^ntziyV::3ymmicnL 
Tx^;l/:^i-K?^Sg*fr.5^ 2 Xx<y yfcfev>Ta. 
x:^;l/:^i-e?fcbT. 7;l/d'>:/^Xv?:#gfflU/'c. 
[0 0 9 2] C©m lXx-y7'fc^2Xx 

>y r^S5fc 1 0 M LXi-^yi/ V F 
M%Jgfi!cLfc. ^<D^mt. ^5ilWJt|B)i;T'^g.S, 
g^ttJT*5 0 0*C- 1 0^^K7x-;l/Lfe<. S/ 

u a ym^tmc t, ^ ^ A s nr u ':r- F fk-r 5 
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[0 0 9 3] i/v^- M am) 1 %^y'ymx''i^ 

[0 0 9 4] <m8mmm>'^8nmmit. ^^m(Dn 
iim7?ffi=&is*KW-rsiii»^*^g3 oa^mmm 

(Dmx'$>^. 

[0 0 9 5] 09 (d) a. msmmmicm^nmh'? 
>i:>7.^(Dmmmx&^o ^mim&5 x i o's cm-^ « 
ea© n mm^miy u n 2 o s t i stis® 

TV^So (l©lR?^fSt®fte2 lT-i^|«l*nfc:h5>yX 

X 1 o'« cm-3g)S«pS^-\'^;I/^Mifell*^J^ 
jjSt^nrfct) (HS^-tJr-f) . ^mim&5 x 1 O'^ cm 
8SO n Sttfcl*^ 8 y -X - H W 2 2 

im24 (mmo. 5nm) ^iftLX'^V^-mzS 20 

'J3:yi:^>i^xf-^'*^6*5y-hmffi2 e^^figs 

^itLX^y~X- YV-<ymmz 2 i:«MWt#jiL 
fc§y-Xttffi- FW"l'y«S2 8*^Jgfi!t$nTV^S, 

[0 0 9 6] WT. nS/*{*:h^>'yx^0S3g;^)£{C 
OV^T09^fflV>TW^SeW-r«, 
[0 0 9 7] 9ff. nSmSSfsS^U 3>S«2 1 cD«M 3o 

3 2 0 ©gffi^&^^fer^-rs C t ;i^B6^T'feS/ia6. 

ij^C, i^';3:^»«2 0±Kp'?x;l/^JgfigLfc 
R I E (Reactive Ion Etch) ffi^ffll^TS^U 

s« 2 0 ±ic«%^ !3 . ^(D'm\mwm^m.^)h^ v v 

>^iJ®^?^^gfffl«2 l^J^fig-rSo icV^T, 1 
nm(DS/U3;y^{l:^2 4%J|gflgLfe^i. ^■v:^;W:t 

•rSo SOCC. IO^SJSCRTA (Rapid 

Thermal Anneal) {C<fc »? pS^i'^^^l/^MI^SCSttft: 

^rfra (09 (a) ) » 

[0 0 9 8] :^^tc. imm^'^^wm>m&\z^^)\'v 

H 1 Xx7:;''f:7;i/:J>'y7Xv;£M*frs^2Xx -y 
0|Hi3^HlCiK'?3g'r«ii:{i:j:!5, fei^-i o% 

tco iti/^T. ^^■5y:^7;kTOfe<};t;7 5 O^C. 10^ 
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±ttt, 0. 5 nm(DS i 02 fl^/M/Tl. 1 nm© 
i/V^~hM (K) > *3<fca^«^BtC0. 4 nm©S i 

02 Vy^^StS^B^-intc, 
[0099] i^t. fgEMIifiXftS (L P C V D) ica 
t)^^Si>'U3y;^)>6*S>y'-hmffi2 e^Jgfig-rSo 
<1 0 LTJ^figSnfey- (^iSli/U n» 2 6 

*)aywtim2 4:^A^-->':fr^ m9 (b) ) o 

[0 10 0]i^{c, 7*M^i^Xh/^^-X y-hS 
S2 6. M12 5, i^Vaymi\:m2 4:^^t 

y-X-FW>'ffi«2 2^Jgfig-rS (09 (c) ) o 
[0 10 1] 7* hUyXh/^^->^^iU 

y-x- FH':^'8R«E2 2Rt>*y-httffi2 eosttfb 

(Dfc&Cf^SaJl ( 1 MEg^#H«. lOOO-C. 1 

#) '^c. sM*eiitK2 7^}^fi!t-rs, i^fc, 

y -X - F >^m 2 2 Stfy- F ««8 2 6 $ T'^f 

^ay^^vii^^^u costfTiN (la^-a-f) 

^ii^U g^*T'7 OOT. 1 OipJ>©RTA (Ra p 
id ThermalAnneal) itta^fifibife^. 

cn%/^^f-->i^bTffl^®y-xiiS' vu-f>n 

1i2 8feJ:tfy-F«ffi2 6%J^^-r5 (09 

(d) ) „ 

[0 10 2] Ht. mm--7mit9 : 1#H«*T'4 0 

ot;. 1 oi)-<D7--;i'%fifv\ «1i^^:±sp^<:/^y->'< 

->'3>^2 9^Jgfiittia9 (d) t^-r^S^ft^BS 

[0 10 3] ±f5lST*{'^fiKL«:F5>yX:5'®y-F 
1/ U -^r- 2 5 t y- F«ffi (^^fai^ 
U 3 » 2 6 7 x l 0 '» / c 

(til t^-hmmt (D^m<Dnmmmm t mm i^m 

x%-ofco cnit. ^^mmnxitm^'y) ^ym\m2 

4 L.T±gptc i/ 'J y- h M 2 5 A^JgfigS n50T% 

©y- Fsaa. ibi cm* u 3 yB^?^fcli^ffl^/^fe^ 

^ft<, £/-c*^0^©lf^J^fi)c73ffiT-«, i:t)t)tty-F 
*feiillT-fe5v'Uy-FM2 SO'^X^N-ffiF^i^-lttc 

$^l%«TKfii^5Ci:A^T't. l^JP^tcJcSFU' 
[0 1 0 4] ±iecoiNS<*«il3 o©«}ii^^:fev^ 
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[0 10 5] <m9mmm>^9mmmi,. *%a^®i? 

[oio63 0iofe. msmmmtrnwi. nmv^y 

i^x^(Dmmmx'&^o mio (a) a. m^^mmm 

812 6. *3<kt>'^-¥*;l/ffl^2 3 i:T'^fi)c$nfci|i«tt: 

y-X-FU"l'>««E2 2^^U^-\-mm2 6±Ki/ 

U^-^m3 2^]BlS.Lrc (010 (b) ) „ ^cDtt. 

1 %®JS©7-yS?t<};0|^SL. 010 (c) K.t^-T^ 
»f*SS2 0:&iSigU:rco 

CO 1 0 7] 

:^ffifcj;n{f> mi7.7'y:ftm2:^7-y:/^wcm 
ma«©#^7t^^»«tcJgA-r s (1 *^T'$ So (1 <D 

«C«AL.T>'';-9-'i'Fa%«fffe<}:t>*)ia©®rti§- 30 

y|?Oi|f^^S7til^ S i 02 Mt,t<{iA l2 03Kff 
fc^AbTi^Uy- Ml-^7;l/5:tv- 

[0 10 8] *%^©*»»8«®«ifi75riSfcJ:n{f, 
<j7x/N-ffirtT'i/';+>-'i' F^w^n^.fcfji^-ic-rs;: 

<i ^ bfeS!)g73 at J; . M 0 s h 5 y s^'x ^©^i^sit « 
[ia®©ffi¥*8Si0^] 

[0 1 ] ^m^mm^'SL-nm^m-yu-wQih^. 

[02] *5|0^©»lgJgJilWffiK:<!gffl$nS»HJ^fi£g 

[03] *^^©»IKjefiic73fife©{fi®-tflJ^^'r7n- 
0T'^So 

[04] M7-'i'AS^'jy-Mg®J^fi!clt©SSS^D^6 
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[05] s^uy-M^©^fie7c*©)5Es?5fiRj^^flj^^-r 

0T'£S» 

[06] v";y-ni4'©>'N7-'i'A-&W«teJ;t;s/U 

[07] i^'jy-Mg©itSI«^i:!^t)3itlHliat©M 

[08] /N7-'i7A'>'J'>--h^fcckt>VN7-'>A7;l/ 
5 hlK© 'J - i'Wtt t ©M^^r^-r 0T' 

[09] :^m(Dmmmx'mLrcimii^mm<omm^ 

1 tfi!3gj§s^s-r»fffi«S0T'feSo 

[010] *^B^©^fli!il?ijT'ffifflby-c^ii»f*:gS©«it 
K 1 1 

2. 1 2 ft-a-a 

3, 1 3 ^Stc^ 

4.14 x-^^/v^-ni- 

5> 15 

19. 19' umm 

20 

2 1 «?5^iSI^^ 

2 2 v~7.-vu^ymM 

2 3 ^-V^^/l/^^ 

2 4 i/U3>i?ftl^ 

2 5 '>Uy-Ml 

2 6 y-h«® 

2 7 ilM^gl^K 

2 8 y-X*®-KW>'«ffi 

2 9 /^•yS^'^— S/g 

3 0 ma^mm 

3 1 s^uy-hip 

3 2 i/Ui^'fFiP 

1 0 0 mm^m 
1 0 1 ^m. 
1 0 2 (i-^f 
103 as 

1 0 4 ^i^Ayi/ig 
1 0 5 X^jpvT" 

106 VX7D-3>Fn— 7 

107 mm^vyii!' 

1 0 8 r/brfV t L < b < 

1 0 9 MftSI 

1 1 0 ^^±/'^;^7 

I 1 1 Jg#:vX7D-3>'Hn— 7 
1 1 2 ?ffittMiBi''J>^ 
1 1 3 'NU'^AjifX^^'^ 



(13) 



#P»fl 2 0 0 3 - 2 9 7 8 1 4. 



(a) 



(b) 



(c) 



m2i 



w u n 




Cd) 



'5(0 



(e) 



(f) 



(8) 



(h) 



[IS3] 



— z 

5(1) 



[05] 




6 10 15 20 



(a) 



(l>) 



(0 



(d) 



(e) 



(f) 



(8) 



(W 



— ^13 
J^t9 



I 1 I 



\ \ \ 



14 

15 
19 

19' 



£1. 




-12 
-19' 

-14 
12 
13 



^19' 



-15 



-15 



(14) 



#M 2003-297814 



[06] 




20 40 60 60 



100 




10 20 30 40 

m^mbm^k IE} 



[09] 



[07] 




10 20 30 40 SO 



tooo 

100 

to 

I ■ 

< 0.1 

m 0.01 

i 1E-4 
lE-5 
lE-6 



[08] 




1 2 



(a) 



(b) 



(0 



21- 



^21 



24 
21 



^26 



3^24 



J^20 



^26 

, A 

ZZZ2:^24 



21 
20 



22 25 22 



29 26 95 




(15) 

im \ 0] 



1tM2 0 03-29 7 8 1 4 




(51)Int.Cl7 

H 0 1 L 21/336 
29/78 



F I 

H 0 1 L 29/78 



30 1 G 
30 1 P 



(16) 



2003-2978 1 4 



4K030 


Mil 


BAIO 




CA04 


CA05 


4M104 


AAOl 


AA02 




BB22 


BB25 




CCOl 


CC05 




DD78 


EE02 




GG09 


HH16 


5F045 


AA08 


AC07 




DP03 


EB02 




HAll 




5F058 


BA06 


BA20 




BF73 


BJOl 


5F140 


AAOl 


AA24 




BA03 


BC06 




BD05 


BD13 




BE09 


BE13 




BFll 


BF17 




BG38 


BJOl 




BJll 


BJ17 




BK25 


BK34 



BA22 


BA48 


BA59 


CA12 


FA06 


FA12 


BBOl 


BB18 


BB20 


BB26 


BB27 


BB28 


DD43 


DD44 


DD45 


EE14 


EE16 


EE17 


HH20 






BB02 


BB16 


DC63 


EE04 


EEig 


EHig 


BC03 


BC20 


BF27 


AA39 


AC36 


BAOl 


BC17 


BDOl 


BD02 


BD15 


BEOS 


BE07 


BE17 


BFOl 


BF04 


BF18 


BG28 


BG34 


BJ07 


BJ08 


BJIO 


BJ20 


BK13 


BK21 


CB04 


CB08 


CF04 



